Pitx-1 is a member of the family of bicoid-related vertebrate homeobox genes; it was originally identi®ed as a tissue-speci®c transcriptional regulator of the proopiomelacortin gene. Here we report on the embryonic expression of Xpitx-1, which is expressed in the anterior neural ridge and in the cement gland Anlage during late gastrulation/early neurulation. In tadpole stage embryos Xpitx-1 transcripts are primarily detected in the cement gland, stomodeal-hypophyseal Anlage, oral epithelia and lens placode. Therefore, Xpitx-1 may be part of the genetic network that controls the early development of these structures. q
Introduction
The three members of the Pitx family, Pitx-1, -2 and -3, are characterized by the presence of a paired type homeobox with a DNA binding speci®city comparable to that of Drosophila bicoid. All three genes function in the regulation of late downstream genes in the pituitary gland (Lamonerie et al., 1996; Lancto Ãt, 1997; Tremblay et al., 1998) . More recently, it was demonstrated that Pitx-1 is also important for hindlimb development (Szeto et al., 1996 (Szeto et al., , 1999 Lancto Ãt, 1999; Logan and Tabin, 1999) and that Pitx-2 is involved in the establishment of left-right asymmetry (Yoshioka et al., 1998; Logan et al., 1998; Campione et al., 1999) . Pitx-3 appears to contribute in anterior segment mesenchymal dysgenesis (ASMD) and congenital cataracts in humans upon mutation .
Xenopus Xpitx-1 is expressed in the anterior neural ridge (ANR) and in the cement gland Anlage during late gastrulation/early neurulation. In vertebrates the ANR and rostrally adjacent tissue gives rise to the ventral forebrain, nasal placodes, stomodeal-hypophyseal Anlage, oral epithelia and, in Xenopus, to the cement gland Anlage (Couly and Le Douarin, 1986; Eagleson et al., 1995) . Signals emanating from the ANR are essential for the formation of the ventral forebrain structures and eye development and the existence of an early anterior neural organizer in the ANR has been demonstrated in zebra®sh (Shimamura and Rubenstein, 1997; Houart et al., 1998) .
Molecular cloning of Xpitx-1
A cDNA fragment including the complete open reading frame which is homologous to human, mouse and chicken Pitx-1 genes was ampli®ed from a Xenopus neurula stage total RNA preparation by RT-PCR. Xenopus Pitx-1 is highly conserved in comparison with other vertebrate Pitx-1 genes, with 80%, 77% and 92% overall amino acid identity in comparison to human, mouse and chicken Pitx-1, respectively (Fig. 1A) . In a comparison to Xenopus Pitx-2a and human Pitx-3, the overall amino acid sequence identity of Xpitx-1 is only 61% and 50%, respectively (not shown). Within the homeodomain, all vertebrate sequences differ only at two positions (Fig. 1B) . We therefore refer to the described Xenopus protein as Xpitx-1.
Xpitx-1 expression during early Xenopus development
Strong expression of Xpitx-1 is ®rst detected by wholemount in situ hybridization in late gastrula (stage 12) embryos in a crescent-shaped domain adjacent to the anterior end of the prospective neural plate, a region that corresponds to the early cement gland Anlage. Cells that¯ank this domain express Xpitx-1 only weakly ( Fig. 2A) . During the process of neurulation, the weak expression is lost, (99)00184-7 www.elsevier.com/locate/modo whereas the strong expression of Xpitx-1 is maintained in the sensorial and epithelial layers of the neuroectoderm. It is interesting to note that only the epithelial layer gives rise to the cement gland, whereas the sensorial layer forms the stomodeal-hypophyseal Anlage (Hausen and Riebesell, 1991;  Fig. 2B,C) . During further development, the expression of Xpitx-1 in the epithelial layer condenses and follows the formation of the cement gland, where Xpitx-1 remains to be expressed until the latest stages (stage 42) analyzed (Fig. 2D±G,I±M and data not shown) . Expression in the sensorial layer is found to be more dynamic. Here, the initially mostly homogeneous domain of Xpitx-1 expression expands into more laterally located patches that may correspond to the early lens Anlage ( Fig. 2D±F ; Zygar et al., 1998) . In tailbud and tadpole stage embryos, weak Xpitx-1 expression is indeed detected in presumptive lens ectoderm ( Fig. 2G,H ; stage 24), lens placodes ( Fig.  2I,J ; stage 30) and lens vesicles ( Fig. 2L; stage 34) , respectively. The early expression of Xpitx-1 in the stomodealhypophyseal Anlage is maintained in structures that develop from this region, namely the pituitary gland and the stomodeum (Fig. 2J±M,M H ). The only endodermal derivative that expresses Xpitx-1 is the oral epithelium (Fig.  2J±L) . The early expression of Xpitx-1 in the anterior neural plate overlaps with the one of Xpitx-2, and although both genes are later expressed in the cement gland and in the pituitary, we also note signi®cant differences. Xpitx-2 is expressed asymmetrically in the lateral mesoderm, where Xpitx-1 is not expressed. Another major expression domain of Xpitx-2 is the head mesenchym that may contribute to the formation of the ocular muscles, whereas Xpitx-1 is present during early steps of lens speci®cation. For the future, it will be interesting to analyze how the different members of the Pitx family are involved in vertebrate eye development in Xenopus embryos.
Materials and methods
Preparation of total RNA from embryos, whole mount in situ hybridization and vibratome sections were done as described previously (Hollemann et al., 1996) . RT-PCR was carried out using the Gene Amp RNA PCR kit from Perkin-Elmer. The following primers were used to isolate the complete coding region: pitx-1deg-forward (F), 5 H -ATGGAYKCCTTYAARGGWGGMATG-3 H and reverse (R) 5 H -GCTGTTGTACTGTCAVGCGTTKAGSC. , respectively, as indicated by the lines. Abbreviations: ar, archenteron; bv, brain ventricle; cga, cement gland Anlage; ele, epithelial layer of neuroectoderm; endo, endodermal layer; ev, eye vesicle; eym, endodermal yolk mass; lp, lens placode; lv, lens vesicle; ple, presumptive lens ectoderm; pt, pituitary; sle, sensorial layer of neuroectoderm; st, stomodeum; oe, oral epithelia.
